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OBTAINING TANDEM MASS 
SPECTROMETRY DATA FOR MULTIPLE 
PARENT IONS IN AN ION POPULATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. patent applica 
tion Ser. No. 11/494,405, ?led Jul. 26, 2006 now US. Pat. No. 
7,342,224, entitled “Obtaining Tandem Mass Spectrometry 
Data for Multiple Parent Ions in an Ion Population”, Which is 
a continuation of US. patent application Ser. No. 10/804,692, 
?led Mar. 19, 2004, granted Jan. 2, 2007 as US. Pat. No. 
7,157,698, entitled “Obtaining Tandem Mass Spectrometry 
Data for Multiple Parent Ions in an Ion Population”, Which 
claims priority from US. Provisional Patent Application No. 
60/456,569, ?led Mar. 19, 2003, Which applications are incor 
porated herein by reference in their entireties. 

BACKGROUND OF THE INVENTION 

This invention relates to tandem mass spectrometry. In 
particular, although not exclusively, this invention relates to 
tandem mass spectrometry using an ion trap to analyZe and 
select precursor ions and a time-of-?ight (TOF) analyZer to 
analyZe fragment ions. 

Structural elucidation of ioniZed molecules is often carried 
out using a tandem mass spectrometer, Where a particular 
precursor ion is selected at the ?rst stage of analysis or in the 
?rst mass analyZer (MS-1), the precursor ions are subjected to 
fragmentation (eg in a collision cell), and the resulting frag 
ment (product) ions are transported for analysis in the second 
stage or second mass analyZer (MS-2). The method can be 
extended to provide fragmentation of a selected fragment, 
and so on, With analysis of the resulting fragments for each 
generation. This is typically referred to an MS” spectrometry, 
With n indicating the number of steps of mass analysis and the 
number of generations of ions. Accordingly, MS2 corre 
sponds to tWo stages of mass analysis With tWo generations of 
ions analyZed (precursor and products). 

Relevant types of tandem mass spectrometers include: 
1. Sequential in space: 
a. Magnetic sector hybrids (4-sector, Mag-Trap, Mag-TOF, 

etc). See for example F. W. McLafferty; Ed. Tandem 
mass spectrometry; Wiley-Interscience: NeW York; 
1 983 

b. Triple quadrupole (Q), Wherein the second quadrupole is 
used as an RF-only collision cell (QqQ). See for 
example Hunt D F, Buko A M, Ballard J M, ShabanoWitZ 
J, and Giordani A B; Biomedical Mass Spectrometry, 8 
(9) (1981) 397-408. 

c. Q-TOF (a quadrupole analyZer folloWed by a TOF ana 
lyZer). See for example H. R. Morris, T. Paxton, A. Dell, 
J. Langhome, M. Berg, R. S. Bordoli, J. Hoyes and R. H. 
Bateman; Rapid Comm. in Mass Spectrom; 10 (1996) 
889-896; and I. Chemushevich and B. Thomson; US 
Patent Serial No. 30159 of 2002. 

d. TOF-TOF (tWo sequential TOF analyZers With a colli 
sional cell in betWeen). See for example T. J. Cornish 
and R. J. Cotter, US. Pat. No. 5,464,985 (1995) 

2. Sequential in time: ion traps such as Paul trap (see for 
example R. E. March and R. J. Hughes; Quadrupole Storage 
Mass Spectrometry, John Wiley, Chichester, 1989), Fourier 
Transform Ion Cyclotron Resonance (FT ICRisee for 
exampleA. G. Marshall and F. R. Verdum; Fourier transforms 
in NMR, Optical and Mass Spectrometry, Elsevier, Amster 
dam, 1990) radial-ejection linear trap mass spectrometer 
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2 
(LTMSisee for example M. E. Bier and J. E. Syka; US. Pat. 
No. 5,420,425), and axial-ej ection linear trap mass spectrom 
eter (see, for example, J. Hager US. Pat. No. 6,177,688A). 

3. Sequential in time and space. 
a. 3D-TOF (See for example S. M. Michael, M. Chen and 

D. M. Lubman; Rev. Sci. Instrum. 63(10)(1992) 4277 
4284 and E. KaWato, published as PCT/WO99/39368). 

b. LT/FT-ICR (See for example M. E. Belov, E. N. 
Nikolaev, A. G. Anderson et al.; Anal Chem., 73 (2001) 
253, and J. E. P. Syka, D. L. Bai, et al. Proc. 49thASMS 
Conf. Mass Spectrom., Chicago, Ill., 2001). 

c. LT/TOF (e.g., Analytica LT-TOF as in C. M. White 
house, T. Dresch and B. Andrien, US. Pat. No. 6,011, 
259) or Quadrupole-trap/TOF (J. W. Hager, US. Pat. 
No. 6,504,148B). 

A number of non-sequential mass spectrometers suitable 
for tandem mass spectrometry have also been described (see 
for example J. T. Stults, C. G. Enke and J. F. Holland; Anal 
Chem., 55 (1983) 1323-1330 and R. Reinhold and A. V. 
Verentchikov; US. Pat. No. 6,483,109). 

For example, US. Pat. No. 6,504,148 by J. W. Hager dis 
closes a tandem mass spectrometer comprising a linear ion 
trap mass spectrometer, a trapping collision cell for ion frag 
mentation arranged axially, folloWed by a TOF mass ana 
lyZer. 
PCT/WO01/ 15201 discloses a mass spectrometer com 

prising tWo or more ion traps and, optionally, a TOF mass 
analyZer, all arranged axially. The ion traps may function as 
collision cells and so the spectrometer is capable of MS/MS 
and MS” experiments. 

Both of these spectrometers are standard in that they rely 
on axial ejection of ions from the ion trap to the collision cell 
and onWards to the time of ?i ght analyZer. Both spectrometers 
also suffer from a problem that there is a con?ict betWeen 
speed of analysis (i.e. number of MS/MS experiments per 
second) and space charge effects. To ensure su?icient num 
bers of fragmented ions are detected by the TOP mass ana 
lyZer to give sound experimental data, ever-increasing ion 
abundances must be stored upstream (particularly Where 
more than one precursor ion is to be fragmented and ana 
lyZed). The need for high ion abundances upstream in the ?rst 
analyZer is in con?ict With the fact that the greater the ion 
abundance, the Worse the resolution and accuracy of this 
analyZer because of space charge effects. For emerging high 
throughput applications such as proteomics, it is important to 
provide unattainable yet speeds of analysis, on the order of 
hundreds of MS/MS spectra per second (as opposed to 
present limit of 5-15). This in its turn requires both e?icient, 
space-charge tolerant utilisation of all incoming ions and fast, 
on the order of ms, analysis of each individual precursor m/Z. 
Though time of ?ight analyZers on their oWn alloW such 
speeds of analysis, all preceding parts of the system, namely 
ion trap and collision cell, should also match this so far 
unresolved challenge. 

SUMMARY OF THE INVENTION 

Against this background and from a ?rst aspect, the present 
invention resides in a method of tandem mass spectrometry 
using a mass spectrometer comprising an ion source, an ion 
trap With a plurality of elongate electrodes, a collision cell and 
a time of ?ight analyZer, the method comprising trapping ions 
introduced from the ion source and exciting trapped ions 
thereby to eject trapped ions substantially orthogonally With 
respect to the direction of elongation of the electrodes such 
that the ejected ions travel to the collision cell; fragmenting 
ions introduced from the ion trap in the collision cell; ejecting 
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fragmented ions from the collision cell such that they travel to 
the time of ?ight analyzer; and operating the time of ?ight 
mass analyzer to obtain a mass spectrum of ions therein. 

Ejecting ions from the ion trap, that may be a linear ion 
trap, substantially orthogonally is a marked departure from 
the Widely accepted norm of axial ejection for tandem ana 
lyZer con?gurations. The concept of orthogonal ejection has 
long been implicitly considered far inferior to axial ejection 
because ions ejected orthogonally have normally far greater 
beam siZe than their axial counterparts. This Would thus 
require an innovative apparatus for capturing ions, fragment 
ing them and delivering to time of ?ight analyZer. A further 
disadvantage is the higher energy spread of resulting ion 
beams. 

HoWever, the Applicant has realised that far greater perfor 
mance can be achieved using orthogonal ejection and this 
bene?t can outWeigh the disadvantage of large beam siZe and 
high-energy ejection. In particular, orthogonal ejection 
alloWs typically much higher ejection e?iciencies, much 
higher scan rates, better control over ion population as Well as 
higher space charge capacity. Moreover, the potential prob 
lem of the higher ejection energies may be mitigated by 
sending the ejected ions to the gas-?lled collision cell Where 
they Will lose energy in the collisions that may lead to frag 
mentation. 
By collision cell, We mean any volume used for fragmen 

tation of ions. The collision cell may contain gas, electrons or 
photons for this purpose. 

Preferably, the trapped ions are ejected as a ribbon beam 
from a linear ion trap into the collision cell. This alloWs an 
increase in the space charge capacity of the ion trap Without 
compromising its performance or speed or e?iciency of ej ec 
tion. The collision cell preferably has a planar design to 
accommodate the ribbon beam. For example, the collision 
cell may be designed so that the guiding ?eld it produces 
starts as essentially planar and then preferably focuses ions 
into a smaller aperture. 

In a preferred embodiment, the collision cell comprises a 
plurality of elongate, composite rod electrodes having at least 
tWo parts, the method comprising applying an RF potential to 
both parts of each rod and applying a different DC potential to 
each part of each rod. 

It should be noted that the plurality need not be all the rods 
Within the collision cell. Moreover, the same or a different RF 
potential may be placed, and the same or a different DC 
potential may be placed on corresponding parts of the rods 
across the plurality. The method may also comprise applying 
a DC potential to a pair of electrodes that sandWich the com 
posite rods. 

In other embodiments, the collision cell comprises a set of 
electrodes With only DC voltages applied to them in order to 
provide an extracting ?eld converging ions toWards the exit 
aperture from the collision cell. 

Preferably, the method comprises operating an ion detector 
located in or adjacent the ion trap to obtain a mass spectrum 
of the trapped ions. This may comprise operating the ion 
detector to obtain a mass spectrum of precursor ions trapped 
in the trapping region and operating the time of ?ight mass 
analyZer to obtain a mass spectrum of the fragmented ions, 
Wherein the scans form a MS/MS experiment. 

The ion detector is optionally positioned adjacent the ion 
trap thereby to intercept a portion of the ions being ejected 
substantially orthogonally. Conveniently, the ion detector and 
the collision cell may be positioned on opposing sides of the 
ion trap. Preferably, the method comprises introducing ions 
generated by an ion source having a relatively broad range of 
m/ Z (Where m stands for the ion mass and Z is the number of 
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4 
elementary charges, e, carried by the ion) values into the ion 
trap; trapping ions across substantially all the relatively broad 
range introduced from the ion source and ejecting ions Within 
a relatively narroW range of m/ Z values substantially orthogo 
nally. 

In a currently preferred embodiment, the relatively broad 
range of m/Z values is of the order of 200 Th to 2000 Th, or 
may alternatively be 400 to 4000 Th (Th: Thompson:l amu/ 
unit charge). 

Optionally, the method comprises ejecting ions Within a 
relatively narroW range of m/ Z values substantially orthogo 
nally from the ion trap (second trapping region) Whilst retain 
ing other ions in the ion trap (second trapping region) for 
subsequent analysis and/or fragmentation. 

Retaining ions of other m/Z ranges in the ion trap While the 
relatively narroW m/Z range is being ejected is advantageous 
as it alloWs the method optionally to comprise ejection, frag 
mentation and analysis of ions from the other relatively nar 
roW m/Z ranges Without further ?lling of the second trapping 
region. 

This may be useful as mass spectra of fragment ions from 
tWo or more different precursor ions may be collected rapidly, 
i.e. the method may optionally further comprise sequentially 
introducing fragment ions from the other narroW precursor 
ion m/Z ranges into the time of ?ight mass analyZer and 
operating the time of ?ight mass analyZer to obtain a mass 
spectrum of the fragment ions associated With each precursor 
ion m/ Z range. Subsequent further layers of fragmentation 
and analysis may be preferred, e. g. to provide mass spectra for 
all precursor peaks. 
The advantages gained With retaining ions Whilst others are 

ejected may also be enjoyed With respect to the ?rst trapping 
region of the composite ion trap. Hence, the method may 
further comprise retaining other ions not Within the interme 
diate range of m/Z values in the ?rst trapping region When 
ejecting ions Within the intermediate range. Preferably, sub 
stantially all ions not Within the intermediate range of m/Z 
values are retained. 

Other optional features are de?ned in the appended claims. 
From a second aspect, the present invention resides in a 

method of tandem mass spectrometry using a mass spectrom 
eter comprising an ion source, an ion trap, a collision cell and 
a time of ?ight analyZer, the method comprising operating the 
ion source to generate ions having a relatively broad range of 
m/Z values; introducing ions generated by the ion source into 
the ion trap; operating the ion trap to trap ions introduced 
from the ion source and to eject ions Within a relatively 
narroW range of m/ Z values such that they are introduced into 
the collision cell Whilst retaining other ions in the ion trap for 
subsequent analysis and/or fragmentation; operating the col 
lision cell such that ions introduced from the ion trap are 
fragmented; introducing fragment ions from the collision cell 
into the time of ?i ght analyZer; and operating the time of ?ight 
analyZer to obtain a mass spectrum of the fragmented ions. 
From a third aspect, the present invention resides in a 

method of tandem mass spectrometry using a mass spectrom 
eter comprising an ion source, a ?rst trapping region, a second 
trapping region comprising a plurality of elongate electrodes, 
a collision cell, an ion detector and a time of ?ight analyZer. 
The method comprises a ?lling stage comprising operating 
the ion source to generate ions, introducing ions generated by 
the ion source into the ?rst trapping region, and operating the 
?rst trapping region to trap a primary set of precursor ions 
introduced from the ion source, the primary set of precursor 
ions having a relatively large range of m/Z values. 
The method further comprises a ?rst selection/ analysis 

stage comprising operating the ?rst trapping region to eject a 
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?rst secondary subset of the primary set of precursor ions, the 
?rst secondary set of precursor ions having an intermediate 
range of m/ Z values, thereby to travel to the second trapping 
region While retaining other ions from the primary set of 
precursor ions in the ?rst trapping region, operating the sec 
ond trapping region to trap ions from the ?rst secondary 
subset of precursor ions introduced from the ?rst trapping 
region, operating the ion detector to obtain a mass spectrum 
of trapped ions from the ?rst secondary subset of precursor 
ions, and performing a plurality of fragmentation/analysis 
stages of trapped ions from the ?rst secondary subset of 
precursor ions. 

The method further comprises a second selection/ analysis 
stage comprising operating the ?rst trapping region to eject a 
second secondary subset of the primary set of the precursor 
ions, the second secondary subset of precursor ions having a 
different intermediate range of m/ Z values, thereby to travel to 
the second trapping region, operating the second trapping 
region to trap ions from the second secondary subset of pre 
cursor ions introduced from the ?rst trapping region, operat 
ing the TOP analyZer to obtain a mass spectrum of trapped 
ions from the second secondary subset of precursor ions, and 
performing a plurality of fragmentation/analysis stages of 
trapped ions from the second secondary subset of precursor 
1ons. 

Each of the respective plurality of fragmentation/ analysis 
stages comprises operating the second trapping region to 
eject a tertiary subset of precursor ions With a relatively nar 
roW range of m/Z values substantially orthogonally With 
respect to the direction of elongation of the electrodes such 
that they are introduced into the collision cell, operating the 
collision cell such that ions from the tertiary subset of pre 
cursor ions ej ected from the second trapping region are frag 
mented, introducing fragmented ions from the collision cell 
into the time of ?i ght analyZer, and operating the time of ?i ght 
mass analyZer to obtain a mass spectrum of the fragmented 
ions, Wherein the tertiary subsets of precursor ions for each of 
the secondary sub sets have different relatively narroW ranges 
of m/Z values. 

Clearly, the terms ‘primary’, ‘secondary’ and ‘tertiary’ 
refer to a structured hierarchy of precursor ions, i.e. each level 
refers to increasingly narroW ranges of m/ Z values, rather than 
successive stages of fragmentation. As such, fragmentation is 
only performed on tertiary sets of precursor ions. 

This arrangement is advantageous as it alloWs MS/MS 
experiments to be performed rapidly as only one ?ll from the 
ion source is required. Moreover, dividing the precursor ions 
into increasingly narroW ranges of m/Z values alloWs the ion 
capacity of the trapping regions and collision cell to be opti 
mised Within their space charge limits. 

The method may contain three or more selection/ analysis 
stages. Not all selection/analysis stages need include a plu 
rality or indeed any fragmentation/analysis stages. For 
example, the mass spectrum obtained for a particular second 
ary subset of precursor ions may reveal only one or no peaks 
of interest, thereby removing the desire to fragment. 

The tertiary subsets of precursor ions may be ejected from 
the second trapping region as pulses With temporal Widths not 
exceeding 10 ms. Preferably, the temporal Width does not 
exceed 5 ms, more preferably 2 ms, still more preferably 1 ms 
and most preferably 0.5 ms. Moreover, the fragmented ions 
may be ejected as pulses With temporal Widths not exceeding 
10 ms. Ever increasingly preferred maximum temporal 
Widths of the pulses of fragmented ions are 5 ms, 2 ms, 1 ms 
and 0.5 ms. The pulses may push fragmentations directly into 
the time of ?ight mass analyZer from an exit segment of the 
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6 
collision cell. This paragraph also applies to the method using 
a single ion trap rather than the dual trapping regions. 
HoWever many tertiary subsets are chosen for a particular 

secondary subset, the associated relatively narroW ranges 
may be chosen to span the associated intermediate range of 
m/Z values. These relatively narroW ranges may be imple 
mented consecutively to step through the intermediate range. 
The mass spectrum required for each relatively narroW range 
may be stored and processed separately from the correspond 
ing mass spectra. Suitable Widths of the relatively narroW 
ranges may be determined by reference to a pre-scan, i.e. a 
mass spectrum or spectra previously acquired by the ion 
detector or time of ?ight mass analyZer that Will contain peaks 
of interest. The subsequent mass spectra collected for frag 
ments may be set to correspond to Widths including one or 
more of these peaks. The operation of the mass spectrometer 
may also be tailored for each tertiary subset of precursor ions 
and the corresponding fragmented ions, i.e. operation of the 
second trapping region, collision cell and time of ?ight mass 
analyZer may be set speci?cally for the current relatively 
narroW range of m/Z values. Again this paragraph may also 
apply to the method using a single ion trap rather than dual 
trapping regions. 
From a fourth aspect, the present invention resides in a 

tandem mass spectrometer comprising an ion source, an ion 
trap, a collision cell and a time of ?ight mass analyZer, 
Wherein the ion trap comprises plurality of elongate elec 
trodes operable to provide a trapping ?eld to trap ions intro 
duced from the ion source and to excite trapped ions such that 
the excited ions are ejected from the ion trap substantially 
orthogonally to the direction of elongation of the electrodes; 
the collision cell is operable to accept ions ejected from the 
ion trap substantially orthogonally and to fragment accepted 
ions; and the time of ?ight mass analyZer is operable to 
acquire a mass spectrum of the fragmented ions. 
The tandem mass spectrometer may further comprise an 

ion detector located adjacent to the ion trap and operative to 
detect ions ejected substantially orthogonally therefrom. The 
ion detector and the time of ?ight mass analyZer may be 
positioned on opposing sides of the ion trap. 

Preferably, the collision cell is of a planar design. 
From a ?fth aspect, the present invention resides in a com 

posite ion trap comprising ?rst and second ion storage vol 
umes being arranged substantially co-axially, the common 
axis de?ning an ion path through the ?rst ion storage volume 
and into the second ion storage volume, the ?rst ion storage 
volume being de?ned by an entrance electrode at one end and 
by a common electrode at the other end, the entrance elec 
trode and the common electrode being operable to provide a 
trapping ?eld for trapping ions in the ?rst ion storage volume, 
the ?rst ion storage volume further comprising one or more 
electrodes operable to excite trapped ions Within a ?rst m/Z 
range such that the excited ions are ejected axially along the 
ion path into the second ion storage volume, the second ion 
storage volume being de?ned by the common electrode at one 
end and a further electrode at the other end, the common 
electrode and the further electrode being operable to provide 
a trapping ?eld for trapping ions in the second ion storage 
volume, the second ion storage volume further comprising a 
plurality of elongate electrodes operable to excite trapped 
ions Within a second m/Z range such that the excited ions are 
ejected from the second ion storage volume substantially 
orthogonally to the direction of elongation through an exit 
aperture. 

Preferably, the exit aperture is elongated in the same direc 
tion as the electrodes. 
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The person skilled in the art Will appreciate that many of 
the advantages described With respect to the ?rst and second 
aspects of the invention apply equally Well to the composite 
ion trap, mass spectrometer and tandem mass spectrometers 
described above. 

This invention may provide methods and apparatus imple 
menting techniques for obtaining tandem mass spectrometry 
data for multiple parent ions in a single scan. In some embodi 
ments, the invention features hybrid linear trap/ time of ?ight 
mass spectrometers and methods of using such hybrid mass 
spectrometers. The hybrid mass spectrometers may include a 
linear trap, a collision cell/ion guide positioned to receive ions 
that are radially ejected from the linear trap, and a time-of 
?ight mass analyZer. In operation, ions may be accumulated 
in the linear trap, and may be ejected/extracted orthogonally 
such that at least a portion of the accumulated ions enter the 
collision cell, Where they may undergo collisions With a target 
gas or gases. Resulting ions may exit the collision cell and 
may be transmitted to the time-of-?ight mass analyZer for 
analysis. The hybrid mass spectrometers may be con?gured 
such that a full fragment spectrum can be acquired for each 
precursor ion even When scanning over the full mass range of 
the linear trap. This may be achieved by proper matching of 
time scales of TOF analysis and LTMS analysis as Well as by 
orthogonal ejection of ions from the linear trap. 

In some embodiments, the TOP mass analyZer may be of a 
type that has “multi-channel advantage” as Well as suf?cient 
dynamic range and acquisition speed. It is highly desirable 
the experiment to be done on a time scale appropriate to 
chromatography and, in particular, liquid chromatography. 
This means that acquisition of data de?ning a large area of the 
MS/MS data space can be acquired on the time scale on the 
order of < 1 -2 seconds, While each MS/MS spectrum might be 
limited by 1-2 ms time-frame. 

The details of one or more embodiments of the invention 
are set forth in the accompanying draWings and the descrip 
tion beloW. Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the meaning commonly under 
stood by one of ordinary skill in the art to Which this invention 
belongs. All publications, patent applications, patents, and 
other references mentioned herein are incorporated by refer 
ence in their entirety. In case of con?ict, the present speci? 
cation, including de?nitions, Will control. Other features, 
objects, and advantages of the invention Will be apparent from 
the description and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying draWings: 
FIG. 1 is a top vieW and a side vieW of a mass spectrometer 

according to an embodiment of the present invention; 
FIG. 2 is a perspective cross-sectional vieW of part of the 

collision cell of FIG. 1 With ions entering it along direction X, 
and shoWs part of the electrical circuit connected thereto; 

FIG. 3 correspond to FIG. 2, but shoWs an alternative 
collision cell; 

FIG. 4 shoWs another embodiment of the collision cell, 
Whereas only DC voltages are applied; 

FIG. 5 shoWs sections of tWo types of rod electrodes that 
may be used in the collision cells of FIGS. 2 and 3; 

FIG. 6a shoWs an array of electrodes akin to that of FIG. 5a 
and the resulting potentials and FIG. 6b adds indications of 
entrance points and exit points for ions; 

FIG. 7 is a top vieW and a side vieW of a mass spectrometer 
according to a further embodiment of the present invention; 
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8 
FIG. 8 is a top vieW and a side vieW of a mass spectrometer 

according to a yet further embodiment of the present inven 
tion; 

FIG. 9 shoWs circuitry associated With the ion trap; 
FIG. 10 shoWs circuitry associated With the collision cell; 
FIG. 11 shoWs alternative circuitry associated With the 

collision cell; 
FIG. 12 shoWs circuitry to create DC voltages for the 

collision cell; and 
FIG. 13 shoWs an ion source and composite ion trap 

according to an embodiment of the present invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

One embodiment of a LTMS/TOE hybrid mass spectrom 
eter according to one aspect of the invention is arranged as 
shoWn in FIG. 1. It comprises: 

ion source 10 of any knoWn type (depicted here as an ESI 
source) With transporting optics 20 that may include any 
number of selection and transport stages, and may 
include differential pumping stages (not shoWn); 

linear trap mass spectrometer (LTMS) 30 With electrodes 
comprisingY rods 31 and X rods 32 and 33 With slots; 

optional electron multiplier-based ion detector 40 that 
faces a slot in the rod 32, so that the detector 40 can 
accept ions ejected radially from linear trap 30 through 
the slot in rod 32; 

collision cell 50 that faces a slot in the rod 33. The detector 
40 and collision cell 50 may face each other and the slots 
may be of corresponding siZe and shape. The collision 
cell 50 contains an envelope 51, a gas line 52, RF rod 
electrodes 53 and preferably DC ?eld auxiliary elec 
trodes (elements) 54. The gap betWeen LTMS 30 and 
collision cell 50 needs to be pumped by at least one, and 
preferably tWo (not shoWn for simplicity of draWings), 
stages of differential pumping. Gas used for ?lling col 
lision cell 50 could be different from that in LTMS 30, 
examples including nitrogen, carbon dioxide, argon and 
any other gases; 

ion beam-shaping lenses 60 located on the exit side of the 
collision cell 50 to in?uence ions exiting the collision 
cell en route to the TOP mass analyZer 70; 

TOP mass analyZer 70, preferably of the orthogonal type, 
comprising a pusher 75, a ?ight tube 80 With (optional) 
ion mirror 90, and an ion detector 100. Accordingly, ions 
enter the TOP analyZer 70 from the lenses 60 and their 
direction is changed by the pusher 75 through 90° to 
travel toWards the mirror 90. The mirror 90 reverses the 
direction of ion travel such that they are directed to the 
detector 100; and 

data acquisition system 110 acquiring data from detectors 
40 and 100. 

The spectrometer is enclosed Within a vacuum chamber 
120 that is evacuated by vacuum pumps indicated at 121 and 
122. 
One implementation of a method of using a hybrid mass 

spectrometer as shoWn in FIG. 1 to obtain tandem mass spec 
trometry data for multiple parent ions in a single scan Will 
noW be described. In operation: 
1. Ions are produced by any knoWn ion source 10 (MALDI, 

ES, ?eld ionisation, EI, CI, etc.) and pass through trans 
porting optics/apparatus 20 to LTMS 30; 

2. Ions are accumulated and trapped in the LTMS 30. This 
may be done in one of tWo Ways. 
a. Preferably, an automatic gain control (AGC) method is 

employed, as described by J. SchWartZ, X. Zhou, M. Bier 
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in Us. Pat. No. 5,572,022. The multiplier based ion 
detector 40 can be used as means to measure the number 

of ions accumulated in a preliminary experiment for a 
knoWn ion inj ection time allowing estimation of the rate 
of accumulation of ions in the linear trap 30 and there 
fore the optimal ion injection time for the main experi 
ment. Ions are accumulated in the linear trap for some 
knoWn time and then ejected from the linear trap 3 0 such 
that some are incident on the detector 40. Such an 

arrangement corresponds to that of a “conventional” 
radial ejection LTMS 30 according to Us. Pat. No. 
5,420,425. In this arrangement, ion ejection can be m/ Z 
sequential. This alloWs for correction of the m/Z depen 
dent gain of the detector 40 in the estimation of the 
ion-inj ection time need to ?ll the linear trap 30 With the 
desired number of ions having a chosen m/ Z range. Alter 
natively, the detector 40 can be mounted at the terminal 
end of the linear trap 30 and the ions can be ejected 
axially en masse to the detector 40 for detection, estima 
tion and control of the number of ions trapped to in the 
linear trap 30. 

b. Alternatively, the optimal accumulation time for a given 
experiment can be estimated based on the total ion cur 
rent detected in a previous experiment. 

3. During the injection of ions into the linear trap 3 0, auxiliary 
voltages (broadband Waveforms) are applied to the rod 
electrodes 31-33 to control the m/Z range of precursor ions 
initially stored in the linear trap 3 0 (in a like manner to hoW 
a conventional LTMS 30 is operated); 

. After ion injection, further auxiliary voltages may be 
applied in order to: 
a. effect better selection of the m/Z range or ranges of 

precursors ions to be analyZed; 
b. select a particular narroW m/Z range of precursors so as 

to select a single ion species (or feW ion species) and 
then excite and fragment (or react) that species to pro 
duce fragment or product ions. This procedure may be 
repeated a number of times (n-2) so as to perform a MS” 
experiment (MS”_2 MS/MS). These MS”2 stages of 
isolation and fragmentation are substantially identical to 
hoW the ?rst MSn-l steps are performed With a conven 
tional LTMS during a MS” experiment; or 

c. otherWise manipulate or extract ions Within the linear 
trap 30. 

5. After ion accumulation and manipulation steps, precursor 
ions are ejected orthogonally such that typically at least 
half of the ions exit the toWards the collision cell/planar ion 
guide 50. This ejection can be performed in a number of 
Ways: 
a. the trapped ions may be extracted as a group; 
b. ions may be extracted m/ Z selectively and/or m/Z sequen 

tially; and 
c. if ions are extracted m/ Z selectively or m/Z sequentially, 

it is particularly useful for the ion detector 40 to detect 
the ions exiting the linear trap 30 in the opposite direc 
tion from the collision cell (in effect, the detector 40 Will 
measure typically the other half of the trapped ions). 
This recorded signal may be used to provide a precursor 
ion mass spectrum. 

. In contrast to some knoWn trap/TOFMS arrangements 
(e.g., U.S. Pat. No. 5,763,878 by J. Franzen or US-A-2002/ 
0092980 by M. Park, ions extracted from the linear trap 30 
are directed into the collision cell/planar ion guide 50 
Where they Will undergo collisions With target gas mol 
ecules provided in the collision cell (typically Nitrogen, 
Argon, and/or Xenon). Generally these collisions Will 
result in a prompt collision-induced dissociation of these 
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10 
ions, unless special care is taken to ensure the kinetic 
energy of the ions entering the collision cell/planar ion 
guide 50 is very loW. Such loW energies could be useful for 
providing a precursor ion mass spectrum in TOF, and may 
be achieved by using loW RF voltages (With the parameter 
q ofthe Mathieu equation typically <0.05 . . . 0.1). For CID 
of ions, values q>0.2 . . . 0.5 are preferable. 

7. The resulting fragment ions lose kinetic energy in colli 
sions With the target gas. The RF ?eld in the collision cell 
50 provides strong focusing of the ion motion about the 
central plane of the cell 50. Superposed DC ?elds cause 
ions to be draWn or dragged along the plane of the cell 50 
such that they exit the collision cell 50 as a “focused” or 
collimated beam. The same action could be also achieved 
by DC-only con?guration that makes the collision cell look 
analogous to an ion mobility drift tube (see, eg D. Clem 
mer, J. Reilly, WO 98/56029 and WO 00/70335). Unlike 
the latter, separation of resulting fragments according to 
ion mobilities is not pursued or enforced4on the contrary, 
the main objective is the fastest of the order of 0.5-3 ms, 
transit of ions With minimum spread of drift times though 
With loWest possible internal and kinetic energies; 

8. Ions may exit the collision cell 50 in one of tWo modes: 
a. ions may be alloWed to leave the collision cell 50 as a 

continuous beam Which is modulated in intensity and 
m/Z distribution as the m/Z and type of precursor ions 
ejected from the linear trap 30 is scanned (or stepped). It 
Would be expected that fragments from an individual 
precursor ion Would exit the collision cell 50 Within 
100-3000 microseconds after the precursor ion entered 
the collision cell 50; or 

b. the ?elds (typically DC ?elds) may be varied dynami 
cally so that fragment ions are accumulated and trapped 
brie?y (10 milliseconds or less) and extracted or 
released as a concentrated and relatively short pulse of 
ions (Within 100 microseconds or less); 

9. Ions exiting the collision cell/planar ion guide 50 traverse 
to the pusher 75 of the TOP mass analyZer 70 though lenses 
60. 

10. TOP mass analyZer 70, preferably of the orthogonal type, 
separates resulting fragments according to their mass-to 
charge ratio, determines ?ight times and records their 
arrival times and intensities using an analog-to-digital con 
verter. The repetition rate for this experiment should be 
high enough to represent accurately the changing m/ Z dis 
tribution and intensity of the fragments introduced from 
the collision cell/planar ion guide 50. In some implemen 
tations, the interval betWeen successive TOF “scans” 
should be in the range of 50-1000 microseconds. If the ions 
are released from the collision cell 50 in a pulsed mode, 
then the triggering of the TOP scans can be timed to cor 
respond to When the released fragments Will be present in 
the TOP pusher 75; 

11. The resulting data are processed by data acquisition sys 
tem 110 Which converts the raW time intensity data into 
mass spectral data (mass-intensity). These data can then be 
transferred to a data storage and analysis computer (not 
shoWn) Where various mass spectral data analysis and 
searching tools can be applied to analyZe the data. 
The hybrid LTMS-TOP mass analyZer of FIG. 1 can be 

operated in a variety of modes: 
1) for all-mass MS/MS, the RF of the LTMS 30 can be 

scanned continuously With TOF analyZer 70 generating 
fragment ion spectra for consecutive precursor ion m/Z 
WindoWs; 

2) alternatively, also for all-mass MS/MS, the RF of the 
LTMS 30 can be scanned in steps, With each step corre 












